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DESCRIPTION 

Regenerator, Method and Apparatus for Manufacturing Regenerator, 

and Stirling Refrigerator 
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Technical Field 

The present invention relates to a regenerator formed by stacking a film-shaped 
resin material, a method and apparatus for manufacturing the regenerator, and a Stirling 
refrigerator provided with the regenerator. 

Background Art 

In recent years, Stirling engines have attracted attention from the standpoint of 
energy saving, environmental protection and the like. The Stirling engine is an external 
combustion engine that realizes a reversible, Stirling cycle utilizing an external heat 
source, which is advantageous in terms of energy saving and low pollution compared to 
the internal combustion engine that requires fuel excellent in inflammability as well as 
ignitionability such as gasoline. 

A Stirling refrigerator is widely known as an application of the Stirling engine. 
The Stirling refrigerator uses a reversed Stirling cycle to generate cryogenic 
temperatures. Hereinafter, a structure of the Stirling refrigerator is explained with 
reference to the drawings. 

As shown in Fig. 22, a Stirling refrigerator includes a cylinder 20 having an 
interior filled with an inactive gas such as hydrogen or helium as the working gas. 
Fitted in cylinder 20 are a piston 27 and a displacer 26, which divide the space within 
cylinder 20 into a compression space 28 and an expansion space 29. Piston 27 is 
driven by a linear motor 30. Piston 27, connected via a spring 32 to a body casing 23, 
periodically moves in cylinder 20 in a sinusoidal manner. Displacer 26, receiving the 
force of the sinusoidal movement of piston 27, reciprocates in cylinder 20. Since 
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in an outer case 33 mounted in advance to a case body 23. In this case, regenerator 15 
may be arranged such that the axis line of wound resin film 8 is approximately parallel to 
the flow direction of the working gas, to enable the working gas to flow within the flow 
passage formed by the dimples as described above. Further, a heat absorber 21 is 
attached from above, so that a closed thermal circuit is formed in the Stirling refrigerator, 
with regenerator 15 secured in place. 

In the case where the dimples are formed by bonding spacers to the surface of 
the resin film, the work is very burdensome. Generally, very fine spacers are bonded to 
the surface of the resin film in order to secure a greater heat transfer area with the 
working gas within the regenerator. This involves various problems that the bonding 
work in itself is troublesome, that accuracy of bonding position is low, that dust or dirt 
may be introduced during the bonding work, and that the use of an adhesive cannot 
guarantee high reliability over a long period of time. 

In the case where the dimples are formed by silkscreen printing on the surface of 
the resin film, the manufacturing cost increases due to the necessity of additional 
equipment for printing, drying and others. It is also very difficult to control the 
position, size, shape and the like of the dimples with the silkscreen printing. 

Further, conventional regenerators formed by winding resin film have dimples 
always regularly arranged on the surface of the resin film. This disadvantageously 
simplifies the flow of the working gas through the regenerator, making it difficult to 
obtain high heat exchange efficiency. 

Disclosure of the Invention 

An object of the present invention is to provide a regenerator that is highly 
reliable, easy and inexpensive to manufacture, and exhibits high heat exchange efficiency, 
a method and apparatus for manufacturing the regenerator, and a Stirling refrigerator 
provided with the regenerator. 

Another object of the present invention is to provide a method and apparatus for 




manufacturing a regenerator that ensure an increased degree of design freedom of 
dimples to be formed on a resin film constituting the regenerator, and allow the dimples 
to be formed with good reproducibility and with a high degree of accuracy. 

A regenerator according to an aspect of the present invention is disposed on a 
flow passage for a working gas, and is formed by stacking a film-shaped resin member in 
a direction crossing a flow direction of the working gas. The resin member has a 
dimple formed by subjecting its surface to plastic deformation. The dimple provides a 
gap between layers of the stacked resin member. 

As such, the dimple is formed directly by causing the surface of the film-shaped 
resin member to undergo plastic deformation. Accordingly, the regenerator can be 
manufactured with ease and at low cost. 

In the regenerator according to the aspect of the present invention, for example, 
the dimple preferably has an opening on its tip. 

As the opening is formed at the tip of the dimple, the flow passage for the 
working gas flowing within the regenerator is disturbed, so that heat exchange efficiency 
can be improved. 

In the regenerator according to the aspect of the present invention, for example, 
the dimple is preferably formed by performing stamping on the surface of the resin 
member. 

By conducting the stamping for forming the dimple on the surface of the resin 
member, the surface of the resin member undergoes plastic deformation quite easily to 
form the dimple. Further, forming the dimple by stamping can increase the degree of 
design freedom of the dimple and also allows formation of the dimple with good 
reproducibility. Accordingly, it is possible to provide a regenerator having high heat 
exchange efficiency. 

In the regenerator according to the aspect of the present invention, for example, 
the dimple is preferably formed by irradiating the surface of the resin member with a 
laser beam. 




efficiency, a method and apparatus for manufacturing the regenerator, and a Stirling 
refrigerator provided with the regenerator. 

Further, according to the present invention, it is possible to provide a method 
and apparatus for manufacturing a regenerator that ensure an increased degree of design 
freedom of dimples to be formed on a resin film constituting the regenerator and allow 
the dimples to be formed with good reproducibility and with a high degree of accuracy. 
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CLAIMS 



1 . A regenerator disposed on a flow passage for a working gas, formed by 
stacking a film-shaped resin member (8) in a direction crossing a flow direction of the 
working gas, 

said resin member (8) including a dimple (10) formed by subjecting a surface of 
said resin member to plastic deformation, and 

said dimple (10) providing a gap (9) between layers of said stacked resin member 

(8). 

2. The regenerator according to claim 1, wherein said dimple (10) has an 
opening (1 Obi) on its tip. 

3. The regenerator according to claim 1, wherein said dimple (10) is formed by 
performing stamping on the surface of said resin member (8). 

4. The regenerator according to claim 1, wherein said dimple (10) is formed by 
irradiating the surface of said resin member (8) with a laser beam. 

5. The regenerator according to claim 1, wherein on the surface of said resin 
member (8), the dimple (10) in a prescribed region is adjusted to have a height different 
from a height of the dimple (10) in another region. 

6. The regenerator according to claim 1, wherein on the surface of said resin 
member (8), the number of the dimples (10) per unit area is adjusted to differ in 
accordance with a position on the surface of said resin member (8). 

7. A regenerator disposed on a flow passage for a working gas flowing 
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between a compression space (28) and an expansion space (29) of a Stirling refrigerator, 

formed by stacking a film-shaped resin member (8) in a direction crossing a flow 

direction of said working gas, 

said resin member (8) having a plurality of dimples (10) on its surface, 

said plurality of dimples (10) providing a gap (9) between layers of said stacked 

resin member (8), and 

on the surface of said resin member (8), the dimple (10) in a prescribed region 

being adjusted to have a height that is different from a height of the dimple (10) in 

another region. 



8. A regenerator disposed on a flow passage for a working gas flowing 
between a compression space (28) and an expansion space (29) of a Stirling refrigerator, 
formed by stacking a film-shaped resin member (8) in a direction crossing a flow 
direction of said working gas, 

15 said resin member (8) having a plurality of dimples (10) on its surface, 

said plurality of dimples (10) providing a gap (9) between layers of said stacked 
resin member (8), and 

on the surface of said resin member (8), the number of the dimples (10) per unit 
area being increased as the distance from said expansion space (29) decreases, compared 
20 to the side of said compression space (28). 

9. A Stirling refrigerator, provided with a regenerator that is disposed on a 
flow passage for a working gas and is formed by stacking a film-shaped resin member 
(8) in a direction crossing a flow direction of the working gas, 

25 said resin member (8) including a dimple (10) formed by subjecting a surface of 

said resin member to plastic deformation, and 

said dimple (10) providing a gap (9) between layers of said stacked resin member 

(8). 
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10. A Stirling refrigerator, provided with a regenerator that is disposed on a 
flow passage for a working gas flowing between a compression space (28) and an 
expansion space (29) and is formed by stacking a film-shaped resin member (8) in a 
direction crossing a flow direction of said working gas, 

said resin member (8) having a plurality of dimples (10) on its surface, 

said plurality of dimples (10) providing a gap (9) between layers of said stacked 

resin member (8), and 

on the surface of said resin member (8), the dimple (10) in a prescribed region 

being adjusted to have a height that is different from a height of the dimple (10) in 

another region. 

11. A Stirling refrigerator, provided with a regenerator that is disposed on a 
flow passage for a working gas flowing between a compression space (28) and an 
expansion space (29) and is formed by stacking a film-shaped resin member (8) in a 
direction crossing a flow direction of said working gas, 

said resin member (8) having a plurality of dimples (10) on its surface, 

said plurality of dimples (10) providing a gap (9) between layers of said stacked 

resin member (8), and 

on the surface of said resin member (8), the number of said dimples (10) per unit 

area being increased as the distance from said expansion space (29) decreases, compared 

to the side of said compression space (28). 

12. A manufacturing method of a regenerator that is disposed on a flow 
passage for a working gas and is formed by stacking a film-shaped resin member (8) in a 
direction crossing a flow direction of the working gas, comprising: 

the dimple formation step of subjecting a surface of said resin member (8) to 
plastic deformation to form a dimple (10) for providing a gap (9) between layers of said 



-38- 



resin member (8) to be stacked; and 

the stacking step of stacking said resin member (8) having the dimple (10) 
formed thereon. 

13. The manufacturing method of a regenerator according to claim 12, wherein 
said dimple formation step includes the stamping step of performing stamping on the 
surface of said resin member (8) using a stamping die (102) to form said dimple (10). 

14. The manufacturing method of a regenerator according to claim 12, wherein 
said dimple formation step includes the laser beam irradiation step of irradiating the 
surface of said resin member (8) with a laser beam (203) to form said dimple (10). 

15. The manufacturing method of a regenerator according to claim 14, wherein 
a spot diameter, irradiation power and irradiation time of said laser beam (203) for 
irradiating said resin member (8) are controlled to adjust a formed position, size and 
shape of said dimple (10) on the surface of said resin member (8). 

16. A manufacturing apparatus of a regenerator, forming a dimple (10) on a 
surface of a film-shaped resin member (8), comprising: 

sending means (1 13) for sending said film-shaped resin member (8) in one 
direction; and 

dimple formation means (101, 201) for subjecting the surface of said film-shaped 
resin member (8) to plastic deformation to form said dimple (10). 

17. The manufacturing apparatus of a regenerator according to claim 16, 
comprising height adjustment means (114), having a pair of pinching members (1 14a, 
1 14b) spaced apart from each other by a predetermined distance and arranged to face 
each other in a direction crossing the surface of said film-shaped resin member (8) on a 
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downstream side of said dimple formation means (101, 201), for adjusting a height of 
said dimple (10) formed by said dimple formation means (101, 201) by letting said film- 
shaped resin member (8) pass through a gap between said pinching members (1 14a, 
114b). 

18. The manufacturing apparatus of a regenerator according to claim 16, 
wherein said dimple formation means is comprised of a stamping machine (101) that 
includes a stamping die (102) and a stage (104) positioned on the opposite side of said 
stamping die (102) via said film- shaped resin member (8) being sent in the one direction. 

19. The manufacturing apparatus of a regenerator according to claim 16, 
wherein said dimple formation means is comprised of laser beam irradiation means (201) 
for irradiation with a laser beam (203). 
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AMENDED CLAIMS 
[received by the International Bureau on October 22, 2003 (22. 10.03); 
original claims 2, 4, 5, 9, and 17 amended; claims 1, 3, 6, 7, 12-16, 18, and 19 cancelled; 

remaining claims unchanged (4 pages)] 

CLAIMS 

1 . (cancelled) 

2. (amended) A regenerator disposed on a flow passage for a working gas, 
formed by stacking a film-shaped resin member (S) in a direction crossing a flow 
direction of the working gas. 

said resin member (S) including a projection (10) formed by subjecting a surface 
of said resin member to plastic deformation and having an opening (1 Obi) on its tip , and 

said projection (\0) providing a gap (9) between layers of said stacked resin 
member (8) . 

3. (cancelled) 

4. (amended) A regenerator disposed on a flow passage for a working gas, 
formed by stacking a film-shaped resin member f 8) in a direction crossing a flow 
direction of the working gas. 

said resin member (S) including a projection (10) formed by subjecting a surface 
of said resin member to plastic deformation, and 

said projection (10) being formed by irradiating the surface of said resin member 
(8) with a laser beam. 

5. (amended) A regenerator disposed on a flow passage for a working gas, 
formed by stacking a film-shaped resin member f 8) in a direction crossing a flow 
direction of the working gas. 

said resin me mber (S) including a projection OO) formed by subjecting a surface 
of said resin member to plastic deformation, and 

on the surface of said resin member (8), the projection (10) in a prescribed 
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. AMENDED CLAIMS 

[received by the International Bureau on October 22, 2003 (22. 10.03); 
original claims 2, 4, 5, 9, and 17 amended; claims 1, 3, 6, 7, 12' 16, 18, anci 19 cancelled; 

remaining claims unchanged (4 pages)] 

region being adjusted to have a height different from a height of the projection (10) in 
another region. 

6. (cancelled) 

7. (cancelled) 

8. A regenerator disposed on a flow passage for a working gas flowing 
between a compression space (28) and an expansion space (29) of a Stirling refrigerator, 
formed by stacking a film- shaped resin member (8) in a direction crossing a flow 
direction of said working gas, 

said resin member (8) having a plurality of projections (10) on its surface, 
said plurality of projections (10) providing a gap (9) between layers of said 

stacked resin member (8), and 

on the surface of said resin member (8), the number of the projections (10) per 

unit area being increased as the distance from said expansion space (29) decreases, 

compared to the side of said compression space (28). 

9. (amended) A Stirling refrigerator, provided with a regenerator that is 
disposed on a flow passage for a working gas and is formed by stacking a film-shaped 
resin member (8) in a direction crossing a flow direction of the working gas, 

said resin member (8) including a projection (10) formed by subjecting a surface 
of said resin member to plastic deformation and having an opening (1 0b 1) on its tip , and 

said projection (10) providing a gap (9) between layers of said stacked resin 
member (8). 

10. A Stirling refrigerator, provided with a regenerator that is disposed on a 
flow passage for a working gas flowing between a compression space (28) and an 
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AMENDED CLAIMS 
[received by the International Bureau on October 22, 2003 (22.10.03); 
original claims 2, 4, 5, 9, and 17 amended; claims 1, 3, 6, 7, 12-16, 18, and 19 cancelled; 

remaining claims unchanged (4 pages)] 

expansion space (29) and is formed by stacking a film-shaped resin member (8) in a 

direction crossing a flow direction of said working gas, 

said resin member (8) having a plurality of projections (10) on its surface, 
said plurality of projections (10) providing a gap (9) between layers of said 
5 stacked resin member (8), and 

on the surface of said resin member (8), the projection (10) in a prescribed 

region being adjusted to have a height that is different from a height of the projection 

(10) in another region. 

10 1 1 . A Stirling refrigerator, provided with a regenerator that is disposed on a 

flow passage for a working gas flowing between a compression space (28) and an 
expansion space (29) and is formed by stacking a film-shaped resin member (8) in a 
direction crossing a flow direction of said working gas, 

said resin member (8) having a plurality of projections (10) on its surface, 

15 said plurality of projections (10) providing a gap (9) between layers of said 

stacked resin member (8), and 

on the surface of said resin member (8), the number of said projections (10) per 
unit area being increased as the distance from said expansion space (29) decreases, 
compared to the side of said compression space (28). 

20 

12. (cancelled) 

13. (cancelled) 
25 14. (cancelled) 

15. (cancelled) 
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AMENDED CLAIMS 

[received By the international Bureau on October 22, 2003 (22.10.03); 
original claims 2, 4, 5, 9, and 17 amended; claims 1, 3, 6, 7, 12-16, 18, and 19 cancelled; 

remaining claims unchanged (4 pages)] 

16. (cancelled) 

17. (amended) A manufacturing apparatus of a regenerator, forming a 
projection (10) ona surface of a film-shaped resin member (8), comprising: 

sending means Q 13) for sending said film-shaped resin member (8) in one 
direction: 

projection formation means (101. 201) for subjecting the surface of said film- 
shaped resin member (8) to plastic deformation to form said projection (10): and 

height adjustment means (114), having a pair of pinching members (1 14a, 1 14b) 
spaced apart from each other by a predetermined distance and arranged to face each 
other in a direction crossing the surface of said film-shaped resin member (8) on a 
downstream side of said projection formation means (101, 201), for adjusting a height of 
said projection (10) formed by said projection formation means (101, 201) by letting 
said film-shaped resin member (8) pass through a gap between said pinching members 
(114a, 114b). 

18. (cancelled) 

19. (cancelled) 
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Htjiettt^w (8) (±, Ma*»^'5;HaoTM^, n 

^^B!p^ dobi) (io) 
fltffi^^^ (10) ^oTittjfBfijf (8) [widr^r^it:^ 

(9) £^LTV^ 
10 3 . 

j*w<D®mmi (8) *sf®uT^5S^n."efeoT> 
mmmmmt (8) « N ^©sffims^tsrirniotM^ti^ 

. is itegp (io) 

BijtaTOM (8) (DmmK^^x. m^m^^^M do) o^^, 

(10) Wjffi^ £ 5^f§S5$2vCV^ N 

6. 
7 . 
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^rliJS £{I tl tz. * ? - V V #*HW®X & o T , 
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